Study design Psychometric study. Objectives Evaluate the intra-rater and inter-rater reliability of the Penn Spasm Frequency Scale (PSFS) in people with chronic traumatic spinal cord injury (SCI). Setting Community setting. Methods Participants with chronic traumatic SCI were administered the PSFS, a self-reported spasticity measure in which the individual documents the frequency (Part 1) and severity (Part 2) of their muscle spasms. One rater administered the PSFS at baseline, 5 to 10 days, and 4 to 6 weeks after baseline. The second rater administered the PSFS within 3 days of the first rater. Results Reliability was assessed using weighted-kappa (95% confidence interval) statistics. In 61 participants, the intra-rater reliability between 5 to 10 days and 4 to 6 weeks after baseline was 0.822 (0.709, 0.935) and 0.734 (0.586, 0.883), respectively, for PSFS Part 1. With the addition of Part 2, the intra-rater reliabilities were 0.812 (0.705, 0.919) and 0.729 (0.586, 0.872) for 5 to 10 days and 4 to 6 weeks, respectively. The PSFS inter-rater reliability within a 3-day time interval was 0.862 (0.759, 0.965) for Part 1 and 0.857 (0.762, 0.952) with the addition of Part 2. Conclusions PSFS Part 1 intra-rater and inter-rater reliability weighted-kappa statistics are in the "almost perfect" category, with lower confidence bounds in the "substantial" range. By adding Part 2 the reliability decreases, but the kappa statistics remain "substantial," with a lower confidence bound in the "moderate" range. The PSFS is probably a reliable outcome measure to assess self-reported spasticity after chronic traumatic SCI.
Introduction
Spasticity, a sensorimotor disorder characterized by intermittent or sustained involuntary muscle activation [1] , is a common secondary complication after spinal cord injury (SCI). A large prospective study identified the prevalence of spasticity in people with chronic traumatic SCI as high as 65%, and "problematic spasticity," as defined by interference of function and/or the need for treatment, as high as 41%, despite current management strategies [2] .
Therefore, there is a need to further investigate treatment options for spasticity management in SCI. Studies require outcome measures with well-established psychometric properties. Spasticity in people with SCI typically fluctuates throughout the day and from day to day [3] . Consequently, spasticity is difficult to assess solely with objective clinical measures; the additional use of self-report measures is thought to more accurately capture the experience of spasticity in people with SCI [4, 5] . The Penn Spasm Frequency Scale (PSFS) is a measure of self-assessed muscle spasm frequency and severity commonly applied in studies assessing spasticity in the SCI population [5] . The PSFS is the shortest self-report questionnaire available (<5 min) and therefore has the least burden for administration. The construct validity of the PSFS has been previously studied with comparison to other measures including the Ashworth Scale, Spinal Cord Assessment Tool for Spinal Reflexes, and the SCI Spasticity Evaluation Tool [6, 7] . However, the intra-rater and inter-rater reliability of the PFSF has not been reported in the literature, thereby limiting its current use in research. The PSFS can be used to characterize the state of spasticity in an individual at any given time and to measure a treatment response to intervention. As oral medications for spasticity take approximately 1 week to exert their initial effect [8] , and intramuscular botulinum toxin for spasticity management typically has peak action between 4 and 6 weeks after injection [9] , the reliability of the PSFS needs to be established in these time intervals if it is to be used as an instrument to measure response to these anti-spasmodic interventions.
The objective of this study was to evaluate the intra-rater and inter-rater reliability of the PSFS in individuals with chronic traumatic SCI within 5-10 days and 4-6 weeks after baseline administration for intra-rater reliability and within 3 days of administration for inter-rater reliability.
Methods

Participants
Potential participants were identified through two recruitment methods. The first was through the local Rick Hansen Spinal Cord Injury Registry (RHSCIR), a national registry that collects prospective information on individuals with traumatic SCI. Patients contacted with this approach were those who sustained an acute traumatic SCI, were admitted to the acute care (Vancouver General Hospital) and rehabilitation (GF Strong Rehab Centre) hospitals in Vancouver, British Columbia, participated in RHSCIR, and indicated the presence of spasticity on community discharge and community follow-up questionnaires. The second recruitment method was identification of previous SCI inpatients of the GF Strong Rehab Centre using the hospital medical record system, so as to allow inclusion of local SCI patients who were not enrolled in RHSCIR to participate in the study. Inclusion criteria included ≥1 year duration of traumatic SCI, age 18-65 years, currently experiencing spasticity on history (defined by the presence of intermittent or sustained involuntary muscle activation below the level of SCI), history of stable spasticity over the past 2 weeks (e.g., consistent medication routine, absence of conditions known to affect spasticity such as urinary tract infection), and no anticipated change in spasticity treatment during study enrollment. Participants were excluded if they were not English speaking or could not provide informed consent secondary to cognitive disorders such as concomitant traumatic brain injury. Potential participants were contacted through phone calls for eligibility screening, enrollment, collection of demographic data, and administration of the PSFS. Demographic data included gender, age, time since injury, and neurological level of injury and injury severity as per the International Standards for the Neurological Classification of SCI that utilizes the American Spinal Injury Association Scale (AIS) [10] . Ethical approval for the study was obtained from the university institutional review board. Written informed consent was obtained from all participants.
Raters
The raters were individuals who were either completing or had received an undergraduate level of education (APV, CP, LK). All raters participated in a group 1 h training session on use of the PSFS led by the senior author (PBM).
Outcome measure
The PSFS is a self-report measure composed of two parts (see Appendix). For Part 1, participants are asked to rate their spasm frequency during the past 7 days on a 5-level scale ranging from 0 = no spasms to 4 = spasms occurring more than 10 times per hour. If the participant indicates no spasms in Part 1, then they do not proceed to Part 2. Part 2 of the PSFS is a three-level scale assessing the severity of spasms. The PSFS was administered over the phone, so as to minimize participant burden with use of this outcome measure in potential future studies.
Intra-rater and inter-rater reliability
To assess intra-rater reliability, one evaluator administered the PSFS Part 1 and Part 2 over the phone at the time of enrollment into the study (baseline, Time 1), within 5-10 days after baseline (Time 2), and within 3-6 weeks after baseline (Time 4) (see Fig. 1 ). To assess inter-rater reliability, a second evaluator administered the PSFS over the phone within 3 days of the first evaluator administering the PFSF for at Time 2 (Time 3) (see Fig. 1 ).
All evaluations after baseline were scheduled for within 3 h of the time at which the baseline assessment was taken (e.g., if the baseline assessment was performed at 12 noon, follow-up assessments had to occur between 9 a.m. and 15:00 p.m.). Participants were first asked if they had experienced medical instability over the previous week (e.g., urinary tract infection). If medically unstable over the previous week, participants were contacted every day within that time interval until they were medically stable; if medical instability persisted for that time interval (i.e., 5-10 days and 4-6 weeks after baseline administration), the information was entered as "missing data due to medical instability." If medical stability was confirmed on history, then the PSFS was administered.
Statistics
Spasm frequency was developed as a 5-level scale (see Appendix). For each level above "no spasm," the spasm severity was rated on a three-level scale. Combining these produced a 13-level spasm frequency-severity scale, with levels: 0, 1. Both intra-rater and inter-rater reliability were assessed using weighted-kappa statistics for ordinal data. It was determined a priori that a sample size of 50 participants would provide at least 90% power to rule out intra-rater and inter-rater reliability of slight or worse (kappa < 0.2) if the true reliability is substantial (kappa > 0.6), for both the spasm frequency and frequency-severity scales. Intraevaluator reliability was measured separately for each pair of available visits to assess whether there was any change with proximity (i.e., comparing scores at Times 1 vs. 2, and 1 vs. 4). Data for all participants with at least two assessments were utilized for analysis (whether for intrarater or inter-rater analysis). The kappas were weighted with ordinal category scores (1, 2, etc.), which was decided a priori.
Finally, available PSFS scores (spasm frequency and frequency-severity) at each cycle from participants who were unable or unwilling to provide scores at all four time points were evaluated and compared (via exact chi-square test) to the scores from those who did provide data at all four time points, to assess whether data were missing at random (i.e., non-informative). All statistical analyses were performed using SAS v9.4 (SAS Institute, Cary, NC, USA). Results unless otherwise noted are reported as mean ± SD. Figure 2 illustrates the study participant flowchart. Of the 114 participants contacted, N = 61 completed the study with data from at least two assessments available for analysis. Participant characteristics at baseline are described in Table 1 . Age ranged from 19 to 65 years, median of 35.5 years. Time since injury ranged from 1.1 to 30.3 years, median of 7 years. SCI neurological level of injury and AIS grade are reported according to recommended standards [11] . The number of participants in each PSFS level (PSFS Part 1, levels 0-4) and severity (PSFS Part 2, severity 1-3) is reported for the first PSFS administered at baseline ( Table 2 ). The participant with no spasms on PSFS at baseline (PSFS = 0) had a recent history of spasticity despite not experiencing spasms in the previous week therefore remained included in the study. At baseline, 32 (49%) participants reported that over the previous week, they experienced mild spasms that were induced by stimulation, 17 (27%) reported infrequent full spasms occurring less than once per hour, 12 (18%) reported spasms occurring more than once per hour, and 4 (6%) reported spasms occurring more than 10 times per hour. Of all participants, 23 (35%) reported their spasms as moderate in severity, and 13 (20%) reported their spasms as severe. Fig. 2 for reasons for non-completion. Results were analyzed to determine whether data was missing at random, first comparing each of the spasm frequency variables among those with complete data vs. those with at least one missing in data point. We then did the same for spasm frequencyseverity variables. Comparisons were made with exact chisquare test. None were statistically significant at alpha = 0.05, which supports the hypothesis that data were missing at random (i.e., non-informative missing data). Therefore, all available participant data were included in the analysis.
Results
Participants
Missing data
Intra-rater reliability
Intra-rater reliability within 5-10 days after baseline and within 4-6 weeks after baseline was assessed with a weighted kappa comparing the time points "Time 1" vs. "Time 2," and "Time 1" vs. "Time 4," respectively. See Table 3 for results for analysis of the PSFS Part 1 (5-level spasm frequency) and with the addition of the PSFS Part 2 (13-level spasm frequency-severity combination).
Inter-rater reliability
Inter-rater reliability was assessed with a weighted kappa comparing the time points "Time 2" and "Time 3." See Table 3 for results of analysis for the PSFS Part 1 and with the addition of the PSFS Part 2. Analysis of these time points for intra-rater and inter-rater reliability were determined a priori. Total participants 66
PSFS Penn Spasm Frequency Scale
Discussion
This is the first study to establish intra-rater and inter-rater reliability values for the PSFS in people with chronic traumatic SCI. What is additionally unique in this study is that there was analysis for both Part 1 and Part 2 of the PSFS, thus allowing researchers to utilize the entire PSFS for future studies. Previous studies have primarily limited use of the PSFS to Part 1 [12, 13] , which means that the severity of the spasms affecting the individual, an important aspect of the spasticity experience, is not captured.
There are no universally agreed upon cut-points for kappa classification. A general classification that is well accepted is kappa = 0, poor; 0.01-0.20, slight, 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-0.99, almost perfect [14] . Using this classification, almost all our weighted kappas for both intra-rater and interrater reliability with analysis of PSFS Part 1 alone (spasm frequency) or with inclusion of PSFS Part 2 (spasm frequency-severity combination) of the PSFS are within the "almost perfect" category, with lower confidence bounds in the "substantial" range. The exception was the secondary intra-rater kappa comparing Time 1 vs. Time 4, which was lower, but still "substantial," with a lower confidence bound in the "moderate" range.
Spasticity following SCI can change over time either in the short term as a result of medical instability or over the long term due to natural history. A large prospective cohort analysis of spasticity in individuals with traumatic SCI over 5 years post injury demonstrated that the natural history of problematic spasticity, as defined by spasticity requiring treatment, is that it tends to stabilize after approximately 1 year post injury [2] . Therefore, these results are applicable only to the chronic (>1 year post injury) traumatic SCI population.
Study limitations
The presence of spasticity as an inclusion criteria was determined on history and not by physical exam; however, spasticity in people with SCI fluctuates within the day and from day to day, therefore objective observation of the absence of spasticity at one time point does not exclude the presence of spasticity in that individual. Also, the assessment of intra-rater reliability was based upon assessments conducted at different times, and so this reliability calculation assumes that the frequency and severity of the spasticity remained largely unchanged over the 6 weeks past the initial baseline assessment. In the end, the very high kappa statistic would suggest that this was indeed the case. The PSFS was administered over the phone, which could be considered a strength of the study as it demonstrates reliability using a methodology with lower participant burden, but results may vary if the PSFS is administered in person. There was a high attrition rate, possibly in part related to the telephone contact of the participants. This study reflects findings in individuals with SCI that have received their post-SCI rehabilitation at GF Strong Rehab Center, and may not be generalizable to individuals with SCI who have undergone rehabilitation in other centers.
Conclusion
Results of this study demonstrate that the PSFS has adequate intra-rater and inter-rater reliability in the time window that is applicable to the assessment of treatment response to oral medications (5-10 days post baseline) and intramuscular botulinum toxin (4-6 weeks post baseline) in people with chronic traumatic SCI. Further research is needed to determine additional psychometric variables of the PSFS including: validity, minimal detectable change, and minimally clinically important difference. 
